In this work, we establish some fixed point theorems by revisiting the notion of 
Introduction and preliminaries
In  Menger [] initiated the study of probabilistic metric spaces; see also [-] . Successively, Sehgal and Bharucha-Reid [, ] established fixed point theorems in probabilistic metric spaces (for short, PM-spaces). Indeed, by using the notion of probabilistic qcontraction, they proved a unique fixed point result, which is an extension of the celebrated Banach contraction principle [] . For the interested reader, a comprehensive study of fixed point theory in the probabilistic metric setting can be found in the book of Hadžić and Pap [] , see also [] for further discussion on generalizations of metric fixed point theory. Recently, Choudhury and Das [] gave a generalized unique fixed point theorem by using an altering distance function, which was originally introduced by Khan et al. [] . For other results in this direction, we refer to [-] . In particular, Dutta et al. [] defined nonlinear generalized contractive type mappings involving altering distances (say, ψ-contractive mappings) in Menger PM-spaces and proved their theorem for such kind of mappings in the setting of G-complete Menger PM-spaces.
On contributing to this study, we weaken the notion of ψ-contractive mapping and establish some fixed point theorems in G-complete and M-complete Menger PM-spaces, besides discussing some related results and illustrative examples. Indeed, we not only derive the result of Dutta et al. [] , Theorem , as a particular case of our result, but also we notice that our Theorem . may be viewed as a possible answer to the problem of existence of a fixed point for generalized type contractive mappings in M-complete Menger PM-spaces under arbitrary t-norm.
Here, we state some allied definitions and results which are needed for the development of the present topic. We denote by R the set of real numbers, by R + the set of non-negative real numbers and by N the set of positive integers.
non-decreasing and left continuous with inf t∈R F(t) =  and sup t∈R F(t) = .
We shall denote by D + the set of all distribution functions, while H ∈ D + will always denote the specific distribution function defined by
is a continuous t-norm if the following conditions hold: (a) T is commutative and associative,
The following are three basic continuous t-norms from the literature:
Definition . A Menger PM-space is a triple (X, F, T) where X is a nonempty set, T is a continuous t-norm and F is a mapping from X × X into D + such that, if F x,y denotes the value of F at the pair (x, y), the following conditions hold:
Definition . Let (X, F, T) be a Menger PM-space. Then (i) A sequence {x n } in X is said to be convergent to x ∈ X if, for every >  and λ > , there exists a positive integer N such that According to [] , the ( , λ)-topology in a Menger PM-space (X, F, T) is introduced by the family of neighborhoods N x of a point x ∈ X given by
where
The ( , λ)-topology is a Hausdorff topology. In this topology a function f is continuous in x  ∈ X if and only if f (x n ) → f (x  ), for every sequence x n → x  , as n → ∞.
The following class of functions was introduced in [] and will be used in proving our results in the next section.
Definition . ([]) A function φ : R
+ → R + is said to be a φ-function if it satisfies the following conditions:
for every x, y, z ∈ X and each t > .
In the sequel, the class of all φ-functions will be denoted by . Also we denote by the class of all continuous non-decreasing functions ψ : R + → R + such that ψ() =  and ψ n (a n ) → , whenever a n → , as n → ∞.
We conclude this section recalling the following fixed point theorem of Dutta et al., see [] , which is the main inspiration of our paper.
Theorem . Let (X, F, T) be a G-complete Menger space and f : X → X be a mapping satisfying the following inequality:
where x, y ∈ X, c ∈ (, ), φ ∈ , ψ ∈ and t >  such that F x,y (φ(t)) > . Then f has a unique fixed point.
A mapping f : X → X satisfying condition (.) is usually called ψ-contractive mapping. However, for some discussion on this notion and Theorem ., the reader can refer to the recent paper of Gopal et al. [] , where analogous results are proved by using some control functions.
Main results
In this section, firstly we weaken the class of functions by assuming the continuity only at point t = . Precisely, we denote by  the class of all non-decreasing functions ψ : R + → R + such that ψ is continuous at , ψ() =  and ψ n (a n ) →  whenever a n →  as n → ∞; then we utilize this class to prove some fixed point theorems. We start with a revised version of Theorem . useful to obtaining an affirmative answer to an existence problem of a fixed point in a G-complete Menger space.
Theorem . Let (X, F, T) be a G-complete Menger space and f : X → X be a mapping satisfying the following inequality:
where x, y ∈ X, c ∈ (, ), φ ∈ , ψ ∈  and t >  such that F x,y (φ(t)) > . Then f has a unique fixed point.
Proof Let x  ∈ X. Define a sequence {x n } in X so that x n+ = fx n for all n ∈ N ∪ {}. We suppose x n+ = x n for all n ∈ N, otherwise f has trivially a fixed point.
Notice that in view of the fact that sup t∈R F x  ,x  (t) =  and by (ii) of Definition ., one can find t >  such that
On using (.) and the hypothesis that ψ is non-decreasing, the above expression becomes
Repeating the above procedure successively n times, we obtain
If we change x  with x r in the previous inequalities, then for all n > r we get
Since ψ n (a n ) →  whenever a n →  as n → ∞, therefore the above inequality implies that
Now, let >  be given, then by using the properties (i) and (iv) of a function φ we can find r ∈ N such that φ(c r t) < . It follows from (.) that
By using a triangle inequality, we obtain
Thus, letting n → ∞ and making use of (.), for any integer p, we get
Hence {x n } is a G-Cauchy sequence. Since (X, F, T) is G-complete, therefore x n → u, as n → ∞, for some u ∈ X. Now we show that u is a fixed point of f . Since
by using the properties (i) and (iv) of a function φ, we can find s >  such that φ(s) <  . Again, since x n → u as n → ∞, then there exists n  ∈ N such that, for all n > n  , we have F x n ,u (φ(s)) > . Therefore, for n > n  , we obtain
Since ψ is continuous at  and ψ() = , we obtain By the mean valued theorem with function sin, we obtain that
Thus, f satisfies all the hypotheses of Theorem .; here u =  is a fixed point of f .
Next we consider the uniqueness problem of a fixed point in a G-complete Menger space; to this aim we give the following condition: that there exists n ∈ N such that F u,v (φ(s/c n )) > . Now, by using (.), we obtain
By repeating a similar reasoning n times, we deduce that
Next, we show that F u,v (φ(s)) = . In fact, for every s > , we have that F u,v (φ( s c i )) >  for all  ≤ i ≤ n and for all n ∈ N. Therefore, by using (.), we get
Thus, since ψ n (a n ) →  whenever a n →  as n → ∞, we get F u,v (φ(s)) = .
It follows that F u,v (t) = H(t) for all t > . In fact, if t is not in range of φ, since φ is continuous at , then there exists s >  such that φ(s) < t. This implies F u,v (t) ≥ F u,v (φ(s)) = , yielding thereby u = v. Our next step is to furnish a fixed point theorem in an M-complete Menger PM-space. (X, F, T) be an M-complete Menger PM-space and f : X → X be a ψ-contractive mapping, where the function ψ : R + → R + is non-decreasing, continuous at , ψ() =  and ∞ n= ψ n (a n ) < ∞, whenever a n →  as n → ∞. Then f has a fixed point provided that F is triangular.
Theorem . Let
Proof In view of the assumptions on the function ψ, it is clear that ψ ∈  . Then, following similar arguments to those given in Theorem ., one obtains F x n ,x n+ ( ) →  as n → ∞. Now, we shall show that {x n } is an M-Cauchy sequence. By the properties of φ, given > , we can find s >  such that > φ(s) > . Therefore,
Now, since F is triangular, we get
n (a n ) < ∞, where a n = ( Remark . Our Theorem . is proved in an M-complete Menger PM-space under arbitrary t-norm, therefore Theorem . can be realized as a possible answer to the problem of existence of a fixed point for generalized type contractive mappings in Menger PM-spaces.
As an application of Theorems . and ., we prove the following common fixed point theorem for a finite family of mappings which runs as follows. (X, F, T) Proof Notice that all the hypotheses of Theorems . and . are satisfied in respect of the mapping f , therefore there exists a unique x ∈ X such that fx = x. Now
Theorem . Let
which shows that f i x is also a fixed point of f . Since x is the unique fixed point of f , therefore f i x = x and hence x is also a fixed point of all mappings f i for i ∈ {, , . . . , m}. Finally, by using the following example, we show that Corollary . can be situationally more useful than Theorems . and .. 
